Objectives: To evaluate the acceptance of a multinutrient liquid nutrition supplement in psycho-geriatric nursing home patients and the effect on weight, plasma nutrients and activities of daily life. Design: Double-blind, placebo-controlled 12-week intervention study. Setting: Two nursing homes in Boxtel, The Netherlands. Subjects: Forty-two (body mass index (BMI) < 23 kg=m 2 for men or < 25 kg=m 2 for women) psycho-geriatric nursing home patients aged 60 y or over. Interventions: Provision with a complete micronutrient-enriched liquid nutrition supplement of 125 ml and 0.6 MJ (135 kcal) or placebo twice daily during daytime between main meals. Study parameters were assessed at 0, 6 and 12 weeks. Main Outcome for Measures: Weight, Barthel index of daily activities, several plasma values (albumin, C-reactive protein (CRP), homocysteine, thiamine, thiamine diphosphate (TDF), vitamin B 6 , vitamin B 12 , folic acid, vitamin D), bowel function. Results: The supplement was well accepted. Thirty-five patients completed the intervention period (16 control group; 19 supplement group). Baseline daily nutrient intake was low. A statistically significant improvement was observed for body weight (difference between groups 2.2 kg, P ¼ 0.03), and homocysteine, vitamin B 1 , TDF, vitamin B 6 , vitamin B 12 , folate and vitamin D in the supplement group compared to the placebo group. No significant difference was observed in the Barthel index (mean difference 7 0.3 AE 1.1 for both groups). No difference in occurrence of diarrhoea was observed. Conclusions: The study shows that nutritional supplementation is well accepted and can improve the nutritional status of psycho-geriatric nursing home patients.
Introduction
The importance of nutrition in the care of nursing home elderly and its influence on their health and well-being is increasingly recognised. The prevalence of malnutrition in institutionalised elderly has been estimated at 30 -70% (Asplund et al, 1981; Morgan et al, 1986; Rudman & Feller, 1989) . In general, the causes of these deficiencies are threefold: (1) inadequate intake which might be caused by reduced macronutrient need, poor dietary habits, isolation, depression, dental or chewing problems, medication or dementia; (2) increased nutritional requirements due to fever, infection or dementia; and (3) losses of nutrients or reduced absorption, for instance protein loss from wounds, glycosuria, diarrhoea or medication (Mobarhan & Trumbore, 1991; Chernoff, 1994) . These mechanisms may be present simultaneously.
A recent study has shown that institutionalised Dutch elderly often develop vitamin deficiencies, especially for the vitamins B 1 , B 6 , C and D ( Van der Wielen et al., 1994) . Also other studies have shown plasma vitamin B 1 , vitamin B 2 , vitamin B 6 , vitamin C (Suboticanec et al, 1989; AsciuttiMoura et al, 1993) , vitamin B 12 ( Joosten et al, 1993) and possibly folate ( Joosten et al, 1993; Quinn & Basu, 1996) deficiencies in institutionalised elderly.
Several investigators have recently performed studies in which elderly nursing home or long-stay ward patients were given a liquid nutrition supplement to increase oral intake (Larsson et al, 1990; Fiatarone Singh et al, 2000; Carver & Dobson, 1995; Van der Wielen et al, 1995; Turic et al, 1998; Lauque et al, 2000) . These studies demonstrated that use of liquid nutrition supplements was associated with increased body weight and improved nutritional status. However, often daily intake of a large volume was required and placebo was either not supplied (Larsson et al, 1990; Turic et al, 1998; Lauque et al, 2000) , or a placebo containing energy (Van der Wielen et al, 1995) or multivitamins (Carver & Dobson, 1995) was used. Only two studies were performed with psychogeriatric nursing home patients (Carver & Dobson, 1995; Lauque et al, 2000) .
This study was set up to investigate the feasibility of supplementation with a complete nutrient-enriched lowvolume liquid nutrition supplement especially intended for use in the elderly. In our study of nursing home patients, we included psycho-geriatric nursing home patients as a population of convenience, since this population is more stable than somatic patients (less co-morbidity and less use of medication (Larsson et al, 1990) ). Furthermore, it has been shown that this population often experiences weight loss and has an increased risk for an inadequate nutritional status (Renvall et al, 1989; Moreiras et al, 1991; Cronin-Stubbs et al, 1997) .
Methods
Design A prospective randomised double-blind intervention study was performed in two psycho-geriatric nursing homes in The Netherlands.
Subjects
Patients ( ! 60 y of age) diagnosed with dementia syndrome, admitted for at least 2 months to the nursing home and with a body mass index (BMI) of < 23 kg=m 2 for men or < 25 kg=m 2 for women (to account for BMI distribution between sexes; Suboticanec et al, 1989) were selected for the study. Excluded from participation were patients with somatic pathology such as cancer, terminal care or acute illness, severe gastrointestinal disorders (Crohn's disease, ulcerative colitis etc), need for enteral or parenteral nutrition or need for a therapeutic diet incompatible with the supplementation regime.
A final number of 42 patients (two groups of 21 patients, 36 females and six males) were randomised over placebo and intervention group. In order to match groups for initial nutritional status, a blood sample was drawn prior to start of the intervention and patients were randomised based on plasma homocysteine level (normal reference range < 18 mmol=l). The protocol of the study was reviewed by the Ethical Committee of the Academic Hospital Rotterdam, The Netherlands and informed consent was obtained from legal representatives before participation in the study. The study was performed from April until June 1997.
Intervention
Patients received per day two tetrapacks of either the liquid nutrition supplement or a placebo product (ie a total of 250 ml) in a blinded manner in addition to their regular dietary intake for a study period of 3 months. Supplements were given by the nursing staff during daytime between main meals. Patients were helped and encouraged by the nursing staff to drink the supplement. Both liquid nutrition supplement and placebo were provided by Numico Research BV in two different flavours (orange=peach and blackberry). The composition of the supplement is given in Table 1 . The placebo consisted of water, cloudifier, flavourant and noncaloric sweetener to resemble the dietary supplement in taste and appearance.
Assessment of dietary and medication intake
Before the intervention, food intake was assessed for three consecutive weekdays by a combination of weighed and Liquid nutrition supplement and nutritional status W Wouters-Wesseling et al unweighed dietary records by a trained dietician. The main meal was recorded by weighing the food if patients were served and by estimating portion sizes from standard measures if patients served themselves. Leftovers of meals were weighed or the proportion of the leftover in relation to standard measures was estimated. The intake from other meals during the day was a record in terms of current household measures and standard portion sizes reported by nursing staff. During the intervention, supplement and placebo intake were recorded (cartons were stored and weighed) and differences observed in food intake were registered. Use of medication was registered. Tolerance of the product was assessed by evaluation of bowel function using a defecation list. Diarrhoea was defined as liquid stools three or more times per day.
Biochemistry
Blood samples were drawn after an overnight fast. Plasma homocysteine was measured by HPLC according to Atsushi & Yoshiyasu (1987) . Thiamine, thiamine diphosphate (TDF) and pyridoxine were analysed after deproteinisation with KCI and derivatisation with bromocyanide (thiamine) or semicarbazide (pyridoxine) and then analysed by reversedphase HPLC and fluorescence detection. Vitamin B 12 and folic acid were analysed using Im x -analyser kits 2200 and 2220, respectively (Abbott, USA). 25-Hydroxyvitamin-D3 was analysed by HPLC according to Hollis & Frank (1985) . Albumin and CRP were analysed by Synchron Clinical System CX 4 CE using kits 442765 and 445855, respectively (Beckman Instruments, USA). All analyses were performed by Analytical Biochemical Laboratory (Assen, The Netherlands).
Activities of daily living
The activities of daily living (ADL; Katz et al, 1963) were assessed to get insight in biological and psychosocial function and mobility. Activities of daily living were scored according to the Barthel index (Mahoney & Barthel, 1965) . The Barthel index uses a scale of zero to 20 (0 -4 completely dependent, 5 -9 severely dependent, 10 -14 dependent, though able to perform activities, 15 -19 reasonably independent, 20 completely independent).
Anthropometry
Usual body weight (weight before admission to the nursing home) was registered from records or from relatives. Current weight was measured before breakfast in nightwear on a calibrated balance (F.H. Balances Cormier), knee height was measured at the left knee and height was calculated as 3.16 Â knee height (cm; Berkhout, 1996) 
Results
Of the 42 patients who were included in the study, 35 patients completed the 12 week supplementation period. Reasons for dropout were dislike of taste of the product (2), withdrawal of consent by family (1) and death (2) in the placebo group and diarrhoea (1) and death (1) in the supplement group. Patient characteristics are given in Table 2 . Patients in both groups had a comparable BMI, gender distribution, length of stay in the nursing home, Barthel index, comorbidity prevalence and number of medications; however, patients in the intervention group were significantly older. Table 3 reports the nutrient intake in the study population. Average total energy intake was low. The intake of fibre, calcium, vitamin A, vitamin D, vitamin E, vitamin C, 
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Bowel function
There were no significant differences between the treatment groups in gastrointestinal complaints. The number of days during the study period patients experienced diarrhoea (median (range)) was 1 (0 -21) in the control group and 2 (0 -18) in the intervention group.
Body weight
In Table 4 , changes in body weight and BMI of the control group and the supplement group are presented. Derived from the retrospective data, patients had already lost a significant amount of their usual body weight (median 6 kg; data not shown) at the start of the study (mean time of residence at the nursing home was 2.7 AE 2.5 y). After the 12 week study period, the change in body weight was significantly different between the two groups (P ¼ 0.03). The weight development in the supplement group was 1.4 AE 2.4 kg, whereas in the control group this was 7 0.8 AE 3.0 kg (a difference of 2.2 kg of body weight between groups). The increase in body weight in the supplement group was statistically significant from baseline after both 6 and 12 weeks (P ¼ 0.02), the decrease in the placebo group did not reach significance over baseline. Table 4 shows the plasma vitamin status of the control group and the supplement group at start, after 6 weeks and after 12 weeks. These figures are also presented as percentage of patients above (homocysteine and CRP) or below (vitamin B 1 , B 6 , B 12 , folic acid, vitamin D) reference values. At start, 50% of the study population had plasma homocysteine levels over 18 mmol=l.
Blood parameters
Activities of daily living
Results of the Barthel index at start and during the intervention are given in Table 4 . No significant changes between or within treatment groups were observed.
Discussion
We found an increase in weight and improvements in plasma vitamin levels after providing psycho-geriatric nursing home patients with a liquid nutrition supplement for 12 weeks. The intervention of this prospective randomised double-blind study was very well tolerated. Change in body weight is an important indicator of health of the patient. A decrease in body weight is related to increased morbidity and often mortality (Payette et al, 1999) . In this study we showed that supplementation can improve body weight by 1.4 kg over a 12 week period, an increase higher than Fiatarone Singh et al (2000) reported, largely comparable to other studies performed for 6 weeks (Turic et al, 1998) , 8 weeks (Lauque et al, 2000) and 12 weeks (Van der Wielen et al, 1995) , but lower than found by Carver & Dobson (1995) (12 weeks) .
One could calculate the expected potential weight gain from the caloric contents of the supplement. Assuming that 33.6 kJ (8 kcal) are necessary for 1 g tissue formation (Forbes, 1988) as normally distributed, and patients received about 83.7 MJ (20.000 kcal) extra energy over the study period, this could lead to a weight gain of about 2.5 kg. Although we did not measure intake during the study, the increase in body weight further confirms that the use of a low volume nutritional supplement twice daily may have increased the total nutritional intake. This is in concordance with observations by Rolls et al (1995) and Turic et al (1998) .
The control group lost an average 0.75 kg of body weight during the study period. This would mean an amount of 3 kg per year. This figure corresponds well with the loss of usual weight per year of residence in the nursing home in this study (median 3.3 kg; data not shown) although for this calculation data were available for only 21 patients. Weight loss in the control group has also been observed in the Liquid nutrition supplement and nutritional status W Wouters-Wesseling et al studies by Carver & Dobson (1995) , Lauque et al (2000) and Fiatarone Singh et al (2000) . The reason for weight loss in our study could be attributed to the fact that a non-caloric placebo has been provided which may have limited intake of regular nutrients. However, this would then have been drinks between meals such as tea or coffee, and in other studies not using a non-caloric placebo this weight loss was also observed (Carver & Dobson, 1995; Lauque et al, 2000) . From the fact that body weight decreased in the control group and increased in the supplement group it can be concluded that the average intake of this population seems below requirements and not sufficient to maintain a stable body weight.
If energy intake is less than 6.3 MJ (1500 kcal)=day elderly are at risk of concurrent nutrient deficiencies (de Groot et al, 1996) . Such an energy intake lower than 6.3 MJ=day is often observed in nursing home patients (Löwik, 1993; Houten & Löwik, 1995) . In our study population the average energy intake of most patients was below the minimum of 6.3 MJ=day and 95% of patients did not reach Dutch recommendations. Recommended energy intake for healthy Dutch elderly is 8.8 MJ=day for men and 8.0 MJ=day for women (Voedingsraad, 1995) . Energy intake levels in our study were comparable to data on Dutch nursing home patients (Van der Wielen et al, 1995) and similar low energy intake levels have been reported in studies in similar patient groups (Lipski et al, 1993; Asciutti-Moura et al, 1993; Fiatarone Singh et al, 2000) .
Initial plasma vitamin status of a proportion of our patients showed deficiencies in TDF, vitamin B 6 and vitamin B 12 levels. In our study, plasma vitamin status (vitamins B 1 , B 6 , B 12 , folic acid and vitamin D) significantly increased in the supplement group as compared to the placebo group and were normalised or increased within the normal ranges. One patient who received vitamin B 12 medication has been excluded. *P < 0.05; **P < 0.01; ***P < 0.001 change between treatment group (t-test).
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Our results are comparable to the study by Van der Wielen et al (1995) . They showed deficiencies in vitamins B 1 , B 6 , C and D in institutionalised elderly. After supplementation with a fruit juice containing water-soluble vitamins for 12 weeks the vitamin B 1 , B 6 and C status of these elderly improved.
Plasma homocysteine levels were comparable to a study by Bates et al (1997) who found a mean of 20.5 mmol=l in institutionalised elderly women, which is clearly above the normal range. After supplementation we found homocysteine values significantly decreased to more normal values, suggesting an improvement in folic acid and vitamin B 6 and B 12 status (Selhub et al, 1993; de Jong et al, 2001 ). The remarkable findings at 6 weeks in both the control group and supplement group in plasma thiamine diphosphate (TDF), which is a physiological measure of vitamin B 1 status, could not be clearly related to methodology issues.
The fact that no difference in bowel habits was observed may be due to two causes. Firstly, the amount of fibre in the supplement may (for technological reasons) have been too low to have any laxative effect. The average use of laxatives in the nursing home population is high (50% of patients in the study used laxatives). Secondly, use of laxatives was not discontinued during the study, so that the stool pattern of most patients was probably already reasonably normal and no improvement could be made. No gastro-intestinal side effects were observed and therefore we conclude that the supplement was well tolerated.
No significant differences were seen in activities of daily living. However, since this was a very old and demented population, possibly no major effects should have been expected. The median score at start was 5 on a 20-point scale, thus this group was in total severely dependent. Furthermore such improvement of activities may not be obvious within this relatively short timeframe (GrayDonald et al, 1995) . Fiatarone Singh et al (2000) also found no effects of supplementation on ADL over a period of 10 weeks.
Our study showed that it is possible to improve the nutritional status of psycho-geriatric nursing home patients by providing a specially formulated low-volume liquid nutrition supplement.
